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Detector System for a Particle Beam Apparatus, and 
Particle Beam Apparatus With Such a Detector System 



The present invention relates to a detector system for a particle beam 
apparatus and a particle beam apparatus with such a detector system. 

In particle beam apparatuses, such as for example scanning electron 
microscopes, the object is as a rule to detect, for image production, the particles 
emitted from an object by irradiation with a focused beam of primary particles. 
The particles emitted from the object can be divided into two groups: the particles 
back-scattered at the object by scattering, and the secondary particles emitted due 
to the excitation of the object by the primary particle beam. The particles or 
corpuscles back-scattered at the object then have nearly the energy of the primary 
particles at the object, while the secondary particles, for example the secondary 
electrons, have in relation to their energy a wide energy spectrum in the range of a 
few eV, clearly below the energy of the primary particles. 

A scanning electron microscope with a target structure arranged off-axis in 
the beam path is known from EP 0 661 727-A1. Furthermore, a magnetic and an 
electrostatic deflecting field are provided in the beam path, respectively act at right 
angles to the optical axis and are mutually orthogonal, and are excited with respect 
to each other in the manner of a Wien filter such that the action of the magnetic 
field and of the electrostatic field on the primary electron beam vanishes exactly. 
The back-scattered electrons and secondary electrons, propagating in exactly the 
opposite direction to the primary electron beam, are deflected away from the 
optical axis of the electron microscope by this combination of magnetic and 



electrostatic fields, so that they strike the target structure. The particles striking 
the target structure produce in their turn tertiary particles, conversion electrons, 
which are subsequently detected with the aid of a scintillation detector. 

In order to detect only the back-scattered electrons in this detection system, 
a further electrostatic field perpendicular to the optical axis can be applied before 
the superposed magnetic and electrostatic field in the propagation direction of the 
secondary electrons; by means of it, the secondary electrons can be prevented from 
actually reaching the conversion electrode. Such an electrostatic field 
perpendicular to the optical axis can however only be applied without 
substantially affecting the primary beam when the secondary electrons also have 
only a very low energy with respect to the energy of the primary beam in the 
region of this deflecting field. In scanning electron microscopes in which the 
particles emitted by the specimen are accelerated back by an electrostatic lens into 
the beam guiding tube of the electron microscope, as is the case, for example, in 
the systems described in U.S. Patent 4,831,266, U.S. Patent 4,926,054, and DE-A1 
198 29 476.4, and also the secondary electrons have at this place approximately 
the same energy as the primary electrons, due to this acceleration in the beam 
guiding tube, such a suppression of the secondary electrons without substantially 
affecting the primary particle beam is not possible. 

In U.S. Patent 5,900,629, U.S. Patent 5,872,358, and the already mentioned 
DE-A1 198 28 476, further scanning electron microscopes are described, with a 
conversion diaphragm for the indirect detection of the secondary electrons and 
back-scattered electrons. However, a separate detection of the secondary electrons 
and of the back-scattered electrons is not considered in these documents. 

A further detector system for a scanning electron microscope is described in 
EP-A1 0 917 178. This detector system has a diaphragm which is provided with a 
scintillation layer. The photons emitted by the scintillation layer due to 



bombardment with back-scattered electrons or secondary electrons are detected by 
means of a detector. With this system also, no separation is possible of the signal 
according to secondary electrons and back-scattered electrons. 

A scanning electron microscope is described in EP-A1 0 917 177 which has 
a sequence of a magnetic, an electrostatic, and a second magnetic deflection field, 
for the spatial separation of the secondary electrons from the primary particles. 
Here also, no separation is possible of the signals produced by secondary electrons 
and by back-scattered electrons. 

The present invention has as its object to provide a detection system, 
particularly for a particle beam apparatus, with which system the secondary 
particles emitted from the object or the particles which are back-scattered at the 
object can be selectively detected. Here the detection system is also to be usable 
when the kinetic energies of the primary particles, the secondary particles, and the 
back-scattered particles at the location of detection differ only slightly from each 
other. This object is attained according to the invention by means of detector 
systems with the features of claim 1 . Advantageous developments of the invention 
will become apparent from the features of the dependent claims. 

The detector system according to claim 1 has a target structure which 
consists of a material strongly converting electrons, in a central region near the 
axis, adjoining the optical axis of the particle beam apparatus, and which is 
received at a region remote from the axis. 

The region remote from the axis can be spaced apart further from the object 
in comparison with the near-axis region. Alternatively, the region remote from the 
axis can be constituted as a half-ring and the region near the axis as a web 
connecting the ends of the half-ring. It is furthermore possible that the region 
remote from the axis consists of a material which only weakly converts electrons. 

The detector system according to the invention is preferably applied in 



combination with a deflecting system consisting of an electrostatic and a magnetic 
field, the field directions of which are mutually perpendicular and perpendicular to 
the optical axis of the particle beam apparatus. The two mutually perpendicular 
deflecting fields can then be set with respect to each other such that the effects of 
the two deflecting fields on the primary beam are suppressed, but at the same time 
such that they deflect the particles emitted from, or back-scattered by, the 
specimen away from the optical axis of the particle beam apparatus and toward the 
target structure. The conditions can then be set, by means of different deflection 
field strengths, such that only the secondary electrons reach the strongly electron- 
converting region, near the axis, of the target structure. In this case of a relatively 
weak excitation of the deflecting fields, the electrons back-scattered at the object 
pass through the target structure in the region of the optical axis because of their 
slightly higher energy. With a stronger excitation of the two deflecting fields, the 
particles back-scattered at the object are also deflected to the near-axis region of 
the target structure, and strike this. With this stronger excitation of the deflecting 
fields, however, the secondary particles are already so strongly deflected by the 
deflecting fields that they either strike the target structure in the region, remote 
from the axis, of material which only weakly converts electrons, or strike the 
target structure in the region situated more remote from the axis, and thereby in 
regions in which either no tertiary particles are released, or these, in the manner of 
a particle trap, are kept far from the detection system serving to detect the particles 
emitted from the target structure. 

In all embodiments of the invention, the separation takes place between 
secondary particles and back-scattered particles by means of a strict spatial 
limitation of the detection region of the target structure in a direction perpendic- 
ular to the optical axis of the particle beam apparatus. The dimensions of the 
central, near-axis region of the target structure, on the one hand, and the distance 



of the target structure from the optical axis, are then chosen such that either only 
the secondary particles or only the particles back-scattered at the object can strike 
the converting region of the target structure. The region of the target structure 
near the axis is constituted for this purpose in the form of a web, with the narrow 
web side parallel to the direction of the electrostatic deflecting field, or as a 
narrow ring, or a section of a narrow ring. The web width or ring width is then 
chosen corresponding to the desired energy resolution. 

In an advantageous embodiment example of the invention, the electrostatic 
deflecting field and the magnetic deflecting field are arranged offset from each 
other in the direction of the optical axis of the particle beam apparatus. 

In a further advantageous embodiment example, two magnetic deflecting 
fields and an electrostatic deflecting field are provided. By means of this 
combination of a total of three fields, the deflecting system can also serve 
simultaneously for the adjustment of the primary particle beam to the optical axis 
of the objective. 

The electrostatic field and the magnetic field are preferably to be adjustable 
independently of each other, so that the required degree of freedom is insured for 
an adjustment of the primary electron beam relative to the optical axis of the 
particle beam apparatus. 

A detection system is of course provided for the detection of the particles 
emitted by the target structure. This is preferably at a positive potential relative to 
the target structure, so that the particles emitted from the target structure are 
accelerated toward the detection system. 

An electrode, for example, a grid electrode or a perforated diaphragm, is 
preferably arranged before the detection system. This electrode, which is to be at 
a positive potential with respect to the target structure, can then fulfill a double 
function, namely on the one hand for the extraction of the particles emitted by the 



target structure, and at the same time for the production of an electrostatic 
deflecting field. 

Alternatively, a perforated diaphragm at the potential of the target structure 
is also possible, with a detector arranged behind it and at a positive potential with 
respect to the target structure and the perforated diaphragm. The electrostatic field 
produced between the detector and the perforated diaphragm then reaches through 
the perforated diaphragm, and this penetration then forms the electrostatic 
deflecting field, which at the same time also serves for the extraction of the 
particles emitted by the target structure. 

Since the conversion electrons emerge from the target structure with a lower 
energy than the primary beam, an efficient extraction of the conversion electrons is 
already insured with a quite weak electrostatic extraction field. 

Particulars of the invention are described in further detail hereinbelow with 
the aid of the accompanying drawings. In detail, 

Fig. 1 shows a section through a scanning electron microscope with a 

detector system according to the invention, 
Fig. 2 shows an enlarged partial section of a scanning electron microscope 

with a detector system according to the invention, according to 

Fig. 1, 

Fig. 3 shows an enlarged partial section of a scanning electron microscope 
with a detector system according to the invention, in a further 
embodiment example, 

Fig. 4 shows a top view of a target structure in the form of a dia- 
phragm, of strongly converting and weakly converting material, 
and 

Fig. 5 shows a top view of a target structure with a web-shaped electron 



converting region. 



The scanning electron microscope shown in Fig. 1 has a basic structure 
corresponding to that of the scanning electron microscope in DE-A1 198 28 476. 
The particle beam producer consists of a particle-emitting cathode (1), an 
extraction electrode (2), and an anode (3). When the particle beam apparatus is 
constituted as a scanning electron microscope, the cathode (1) is preferably a 
thermionic field emitter. The particles emerging from the cathode (1) are 
accelerated to the anode potential by the potential difference (not shown in Fig. 1) 
between the cathode (1) and the anode (3). 

The anode (3) simultaneously forms the source-side end of the beam 
guiding tube (4). This beam guiding tube (4) of electrically conductive material is 
passed through the bore through the pole shoe (9) of a magnetic lens with an 
annular magnetic coil (10) acting as the objective, and is constituted on the object- 
side end as a tubular electrode. The beam guiding tube is followed by a single 
electrode (13) which forms, together with the tubular electrode of the beam 
guiding tube, an electrostatic deceleration device. The tubular electrode, in 
common with the whole beam guiding tube, is at the anode potential, while the 
single electrode (13) and the specimen (12) are at a potential lower than the anode 
potential, so that the particles after emerging from the beam guiding tube are 
braked to the desired lower energy. 

A further deflecting system (1 1) is arranged in the bore of the pole shoe (9) 
of the objective lens at the height of the pole shoe gap; by means of the said 
system (11), the primary electron beam focused onto the specimen (12) by the 
objective (9) is deflected perpendicular to the optical axis (25), shown as a dot- 
dash line, for scanning the specimen (12). 

As an alternative to the illustration in Fig. 1, the beam guiding tube (4) can 



also end at about the height of the pole shoe gap of the pole shoe (9), and the 
braking electrode (13) can also be arranged about at the height of the pole shoe 
gap. The braking of the primary particles to the desired incident energy then 
already takes place within the objective, so that the magnetic field of the objective 
lens and the electrostatic deceleration field spatially overlap. 

A multiple deflection system is arranged within the beam guiding tube 
between the anode (3) and the objective (9), and consists of two magnetic dipole 
fields (Bl, B2) connected in series one behind the other and a further, transverse 
electric field (E). The field directions, both of the two magnetic dipole fields (Bl, 
B2) and of the transverse electric dipole field (E), are all aligned perpendicular to 
the optical axis (25), the field directions of the two magnetic dipole fields (Bl, B2) 
being in their turn perpendicular to the field direction of the electrostatic dipole 
field (E). In the embodiment example shown in Fig. 1, the two magnetic dipole 
fields are furthermore antiparallel to each other, and follow one another. The field 
strengths of all three dipole fields (Bl, B2, E) can be set independently of each 
other. The electrostatic dipole is here arranged on the source side of the magnetic 
dipoles. 

The detector system (5) according to the invention is furthermore arranged 
between the anode (3) and the electrostatic dipole field (E). This detector system 
substantially has a target structure which is arranged to one side of the optical axis 
and which is substantially Z-shaped in cross section. The target structure (5) has a 
region (7) which is distanced in the radial direction from the optical axis (25), and 
at which the target structure is received within the beam guiding tube (4). The 
target structure is constituted in an intermediate region (8) as a cone piece, so that 
in this intermediate region (8) the intersection surfaces of the target structure in a 
plane containing the optical axis run either parallel to the optical axis or inclined 
to the optical axis, the inclination being chosen so that the distance of the target 



structure from the optical axis (25) becomes smaller in the direction of 
propagation of the primary electron beam. At the end of the intermediate region 
(8), the target structure has a distance (22) from the optical axis (25) for the 
primary electrons to pass through. The target structure (5) furthermore has a 
central region (6) of electron converting material neighboring the optical axis (25), 
and thus of material which emits conversion electrons with relatively high 
efficiency when bombarded by particles. Possible materials for this electron 
converting region are metals of high atomic number such as gold, copper, and 
platinum. The surface in this region neighboring the optical axis is then 
perpendicular to the optical axis (25). The target structure is at the potential of the 
beam guiding tube. The conversion electrons emitted by the target structure can 
be detected by means of a suitable detection system. A photomultiplier (15) with a 
scintillator (16) arranged before it serves as the detection system in the 
embodiment example shown in Fig. 1 . The detection system is at a positive 
potential with respect to the beam guiding tube. 

The distance between edge of the electron-converting region (6) of the 
target structure (5) facing toward the optical axis (25) and the optical axis is about 
0.2-3 mm. The detection system (14, 15, 16) itself is arranged outside the beam 
guiding tube (4), behind a hole (26) through the wall of the beam guiding tube (4). 
The position of the hole (26) is chosen such that the hole (26) is situated 
immediately in front of the plane of the electron-converting region (6) in the 
propagation direction of the secondary electrons and the back-scattered electrons; 
the source side edge of the hole (26) thus coincides with the plane of the electron- 
converting region. The diameter of the hole or its edge length is 2-8 mm here. 

The detection system furthermore has an electrode (14) which is constricted 
either as a grid electrode or as a perforated electrode and is at a positive potential 
with respect to the beam guiding tube (4). This electrode (14) then on the one 



hand forms an electron extraction field for the conversion electrons emitted from 
the electron-converting region (6) of the target structure (5), and simultaneously 
this electrode, in common with the beam guiding tube (4), produces the 
electrostatic dipole field (E). The grid electrode (14) is then at between +10 V 
and +1000 V with respect to the beam guiding tube (4) and the target structure (5). 
The scintillator (16), in common with the photomultiplier (15), is at +8 kV to +12 
kV with respect to the grid electrode (14). The dipole field formed between the 
grid electrode (14) and the beam guiding tube (4) then reaches through the hole 
(26) of the beam guiding tube (4), and it is thus attained that the electrostatic 
dipole field (E) is strongly localized within the beam guiding tube (4), and 
conversion electrons which are produced in places other than in the electron- 
converting region (6) are not extracted toward the detection system (15, 16). 

The serial arrangement of the electrostatic dipole field (E) and the two 
further magnetic dipole fields (Bl, B2) fulfills a double function in the present 
arrangement: on the one hand, these dipole fields serve for the separation from the 
primary electron beam of the secondary electrons and back-scattered electrons 
emitted by the specimen, and simultaneously these dipole fields serve to adjust the 
primary electron beam relative to the optical axis (25), which is defined by the 
optical axis of the objective (9, 10). A primary beam (17) (shown as a full line in 
Fig. 1) entering the electrostatic dipole field (E) is for this purpose first deflected 
by the electrostatic dipole field (E), deflected back by the first magnetic dipole 
field (Bl) to the optical axis (25) defined by the objective (9, 10), and turned back 
in direction by the second magnetic dipole field (B2) such that the primary 
electron beam after exiting the second magnetic dipole field (B2) proceeds on the 
optical axis (25) of the objective (9). 

The secondary electrons released from the specimen (12) by bombardment 
with the primary particles, and the primary electrons (back-scattered electrons) 



back-scattered at the specimen (12) are accelerated back into the beam guiding 
tube (4) by the potential difference between the beam guiding tube (4) and the 
electrode (13). Since the energy of the primary electrons in the region of the 
specimen (12) is substantially smaller than the energy of the primary electrons 
within the beam guiding tube (4) in numerous applications in both biology and 
semiconductor research, both the secondary electrons and also the electrons back- 
scattered at the specimen (12) have within the beam guiding tube (4) an energy 
which almost corresponds to the energy of the primary electrons. The energy of 
the back-scattered electrons is then as usual slightly higher than the energy of the 
secondary electrons. With a potential difference of 15 kV, for example, between 
the cathode (1) and the anode (3), and a potential difference of 1 kV between the 
cathode (1) and the braking electrode (13), the primary electrons within the beam 
guiding tube (4) have an energy of 16 keV and are braked between the exit from 
the beam guiding tube (4) and the braking electrode to 1 keV. The primary 
electrons then strike the specimen (12) with an energy of 1 keV. The electrons 
back-scattered at the specimen (12) undergo only a small energy loss and are 
consequently accelerated between the braking electrode (13) and the re-entry into 
the beam guiding tube (4) to almost 16 keV. The secondary electrons coming out 
of the specimen (12) have in contrast only a very low kinetic energy of a few 
electron volts, but are however accelerated between the braking electrode (13) and 
the re-entry into the beam guiding tube (4) to an energy of about 1 5 keV. 

The further course of the secondary electrons within the beam guiding tube 
(4) is shown dashed in Fig. 1 as the course of the path 18. The secondary 
electrons undergo a deflection in the two magnetic dipole fields (B 1 , B2) which, 
due to their direction of motion opposite to that of the primary electrons (17), is 
opposite to that of the deflection of the primary electron beam (17). Since, 
however, the force direction of the electrostatic dipole field (E) is independent of 



the direction of motion, and the secondary and back-scattered electrons enter the 
electrostatic dipole field at an inclination opposite to the primary beam, a 
separation by the electrostatic dipole field (E) takes place of the secondary 
electrons and the back-scattered electrons from the path of the primary electrons. 
These electrons traveling backward are deflected by the electrostatic dipole field 
(E) onto the electron-converting region of the target structure (5) and produce 
conversion electrons, which are extracted to the detection system (15, 16) by the 
grid electrode (14) and the potential produced thereby. These conversion 
electrons are indicated dotted in Fig. 1 and are given the reference number (19). 

The separation between back-scattered electrons and secondary electrons 
with the arrangement according to Fig. 1 is explained in more detail in Fig. 2. In 
Fig. 2, the back- scattered electrons are indicated by a dashed line (20) and the 
secondary electrons by a dotted line (21). Due to their low kinetic energy, the 
secondary electrons undergo a stronger deflection within the magnetic dipole 
fields (Bl, B2) than the back-scattered electrons (20). The action of the 
electrostatic dipole field is on the contrary identical on the back-scattered 
electrons and the secondary electrons. According to the excitation of the two 
magnetic dipole fields, the deflection undergone by the back-scattered electrons 
(20) and the secondary electrons (21) is consequently different. With a relatively 
strong excitation of the two magnetic dipole fields (Bl, B2), the back-scattered 
electrons are caused to strike the electron-converting region (6) of the target 
structure (5). In contrast, the secondary electrons, because of their stronger 
deflection, go past the electron-converting region and strike the target structure (5) 
in the peripheral region (7). Since this peripheral region (7) is not electron- 
converting, or even if conversion electrons emerge to a small extent, because there 
is no electrostatic extraction field present in this region, they do not reach the 
detection system, and with this setting of the magnetic dipole fields (Bl, B2), 



conversion electrons are exclusively detected which were released by the back- 
scattered electrons. 

With a weaker excitation of the magnetic dipole fields (Bl, B2) and a 
resulting weaker deflection of the secondary electrons and of the back-scattered 
electrons, it can be attained that the secondary electrons (21) strike the electron- 
converting region (6) of the target structure (5). Due to the weaker deflection of 
the back-scattered electrons, these then however go past the target structure into 
the region (22) nearest the axis, so that in this case exclusively conversion 
electrons are detected which were released by secondary electrons. 

The embodiment example shown in Fig. 3 differs from the embodiment 
example shown in Fig. 1 only in the region shown, and otherwise corresponds to 
the embodiment example according to Fig. 1. In this embodiment example, on the 
one hand the sequence of the three dipole fields is interchanged, the electrostatic 
dipole field being produced between the two magnetic dipole fields (Bl, B2) in 
the embodiment example according to Fig. 3. The spatial position of the 
electrostatic deflecting field (E) in relation to the position of the target structure 
then corresponds to the position in the embodiment example according to Fig. 1. 
The first magnetic dipole field in the propagation direction of the primary electron 
beam is then situated, seen in the propagation direction of the primary electron 
beam, before or at the height of the target structure (5). At the same time, in this 
embodiment example, the two magnetic dipole fields are directed parallel to each 
other. The separation between secondary electrons and back-scattered electrons 
takes place in this embodiment example completely analogously to the previously 
described embodiment example. The separation between secondary electrons and 
back-scattered electrons is of course clearly increased in contrast to the 
embodiment example according to Figs. 1 and 2, since the energy-dependent 
deflection is increased within the magnetic dipole fields due to the parallel 



alignment of the two magnetic dipole fields (Bl, B2). 

As a further difference from the embodiment example according to Figs. 1 
and 2, the grid electrode (14) is dispensed with in the embodiment example 
according to Fig. 3. The electrodes for the electrostatic deflecting field are thereby 
directly formed by the scintillation detector (15, 16) and the outer wall of the beam 
guiding tube (4), and the field formed between these again reaches through the 
hole (26) of the beam guiding tube. This further difference is however not 
obligatorily combined with the altered sequence of the deflecting fields. Rather, it 
is conceivable to provide in addition a grid electrode between the scintillation 
detector (15, 16) and the hole through the beam guiding tube, even with the 
sequence of deflecting fields corresponding to the embodiment example according 
to Fig. 3, or to dispense with the grid electrode (14) with the sequence of 
deflecting fields corresponding to the embodiment example according to Fig. 1. 
Furthermore, an additional electrode (27) within the beam guiding tube and 
located opposite to the positive extraction electrode in relation to the optical axis 
(25) can be advantageous in both forms of embodiment. Such an additional 
electrode (27) is shown dashed in Fig. 3. 

In the embodiment examples described with reference to Figs. 1-3, the 
target structure (5) is respectively constituted with a Z-shaped cross section. An 
electron trap is thereby formed in the peripheral region of the target structure 
remote from the optical axis, and prevents conversion electrons produced in the 
region (7) of the target structure (5) remote from the optical axis from reaching the 
detector system. So that an effective separation is possible between the signals 
produced by the back-scattered electrons and the signals produced by secondary 
electrons, the distance in the direction of the optical axis between the region 
remote from the optical axis and the electron-converting region (6) near the optical 
axis is to be chosen so large that the electronic extraction field is not detectable, or 



is hardly detectable, in the region (7) remote from the axis, so that conversion 
electrons which are possibly produced in this region are not detected. According 
to the geometry of the beam guiding tube, distances of 1 mm or more in the 
direction of the optical axis are however sufficient for this purpose. 

In contrast to this, in the embodiment example shown in Fig.4, the target 
structure is constituted flat, as a diaphragm (5). This diaphragm (5) has a 
diaphragm opening (22) in the center, adjoined in the radial direction by an 
electron-converting region (23) which consists of an electron-converting material. 
In the peripheral region (24), the diaphragm (5) consists of a material which does 
not convert electrons. Since however any material produces conversion electrons, 
though to a different degree, when bombarded with highly energetic electrons, 
only a poorer separation of the signals produced by back-scattered electrons and 
the signals produced by secondary electrons is possible with such a flat 
diaphragm. 

The embodiment shown here in Fig. 5 for a target structure has a support 
constituted as a half ring (28) on which the target structure is received on the beam 
guiding tube (4). The two ends of the support (28) are connected together by a 
web (29) of material which strongly converts electrons. With this embodiment, 
conversion electrons are produced and detected only from the portion of the back- 
scattered electrons or secondary electrons which strike the web (29). 

The width of the electron-converting region (6, 29) near the axis and its 
distance from the optical axis (25) are of course to be designed in dependence on 
the other construction parameters of the electron microscope and the desired 
energy resolution such that either only the secondary electrons, or only the back- 
scattered electrons, or even respectively only a selected portion of them, strike the 
electron-converting region (6, 29). 

The detector system according to the invention can also be arranged in a 



region of the electron microscope in which a diaphragm, for example a pressure 
stage diaphragm, is in any case required. In this case, the target structure can be 
constituted as a flat or conical diaphragm, and can at the same time assume the 
function of a pressure stage diaphragm. 

In the embodiment examples described with reference to Figs. 1 and 3, a 
scintillation detector consisting of a photomultiplier with a scintillation layer 
arranged in front of it is used as the detecting system for the conversion electrons. 
However, it is also possible to provide a holohedral electrode instead of the 
photomultiplier with a scintillation layer arranged in front of it. The detection of 
the conversion electrons can then simply take place by means of the electrode 
current, if necessary with suitable amplification. 

In the embodiment examples described with reference to the Figures, the 
electrostatic and the two magnetic dipole fields are respectively arranged mutually 
offset along the optical axis. However, basically a single electrostatic dipole field 
and a single magnetic dipole field are sufficient for the separation of the secondary 
electrons and the back-scattered electrons from each other and the deflection of 
both the secondary electrons and the back-scattered electrons from the optical 
axis. These two fields can also be made to overlap each other in the manner of a 
Wien filter. With this simplified embodiment, it is of course no longer possible to 
adjust the incident primary electron beam relative to the optical axis (25) defined 
by the objective (9). 

In the embodiment example described with reference to Figs. 1 and 3, the 
detection system is respectively arranged behind a hole through the beam guiding 
tube (4). The beam guiding tube can also alternatively be completely interrupted 
in this region, so that the beam guiding tube consists of two partial tubes, which 
are spaced apart in the direction of the optical axis (25). 



PATENT CLAIMS 



1 . Detector system for a particle beam apparatus, in particular scanning 
electron microscope, with a target structure (5) arranged in the beam path, 
wherein the target structure (5) has near the axis, adjacent to the optical axis 
(25) of the particle beam apparatus, a central region (6, 23, 29) of a strongly 
electron-converting material, which is received at a region (7, 24, 28) 
remote from the axis. 

2. Detector system according to claim 1, wherein the region (28) remote from 
the axis is constituted as a half ring and the region (29) near the axis is 
constituted as a web connecting the ends of the half ring form region (28) 
remote from the axis. 

3. Detector system according to claim 1, wherein the target structure (5) is 
constituted as a flat diaphragm and wherein the region (24) remote from the 
axis consists of a weakly electron-converting material. 

4. Detector system according to claim 1, wherein the region (7) remote from 
the axis is spaced apart in the direction of the optical axis (25) with respect 
to the region near the axis. 

5. Detector system according to one of claims 1-4, wherein a detection system 
(14, 15, 16) is provided for the detection of conversion electrons emitted 
from the electron-converting region (6,23,29). 



6. Particle beam apparatus with a detector system according to one of claims 1- 
5. 

7. Particle beam apparatus according to claim 6, wherein a deflecting system 
comprising an electrostatic deflecting field (E) and a magnetic deflecting 
field (Bl, B2) is arranged before the detector system (5, 6, 7, 8) in the 
direction of the particles emerging from a specimen (12), the electrostatic 
deflecting field (E) and the magnetic deflecting field (Bl, B2) being aligned 
perpendicularly of each other. 

8. Particle beam apparatus according to claim 6, wherein the electrostatic 
deflecting field (E) and the magnetic deflecting field (B 1 , B2) are arranged 
offset from each other in the direction of the optical axis (25) of the particle 
beam apparatus. 

9. Particle beam apparatus according to claim 8, wherein two magnetic 
deflecting fields (Bl, B2) and an electrostatic deflecting field (E) are 
provided. 

10. Particle beam apparatus according to one of claims 6-9, wherein the 
detection system (14, 15, 16) for the detection of the particles emitted from 
the electron-converting region (6, 23, 29) of the target structure (5) is at a 
positive potential with respect to the target structure (5). 

1 1 . Particle beam apparatus according to claim 10, wherein the detection system 
(14, 15, 16) has an electrode, preferably a grid electrode (14) or a perforated 
diaphragm. 



12. Particle beam apparatus according to claim 10 or 1 1, wherein the detection 
system (14, 15, 16) is arranged outside the beam guiding tube (4) behind a 
hole (26) through the wall of the beam guiding tube (4) or in the region of 
an interruption of the beam guiding tube (4). 

13. Particle beam apparatus according to one of claims 6-12, wherein the 
electrostatic field (E) and the magnetic field(s) (Bl, B2) can be set 
independently of each other. 



14. 



Particle beam apparatus according to one of claims 6-13, wherein the target 
structure (5) is at the potential of the beam guiding tube (4). 
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ABSTRACT 

Detector System for a Particle Beam Apparatus, and 
Particle Beam Apparatus With Such a Detector System 
(Fig. 1) 

The present invention relates to a detector system for a particle beam 
apparatus, in particular for a scanning electron microscope. The detector system 
has a target structure (5) 

which in a central region (6) near the axis consists of an electron-converting 
material and either consists of a non-converting material in the region remote from 
the axis or in which the region remote from the axis is offset in the direction of 
the optical axis with respect to the region (6) consisting of an electron-converting 
material near the axis. The detector system makes possible a separate detection of 
either only the back-scattered electrons or of only the secondary electrons. 



TRANSLATOR'S NOTE: There are a few reference number errors on pages 14 
and 15 of the German text; these have been corrected as follows in the translation: 

p. 14 para. 2 and p. 15 para. 2: (5) — -» (4) 

p. 15, para. 1:(9) -_ ► (25). 




